Background and aims: a-Fetoprotein (AFP), a tumour marker for hepatocellular carcinoma (HCC), is associated with poor prognosis. Using cDNA microarray analysis, we previously found that ephrin-A1, an angiogenic factor, is the most differentially overexpressed gene in AFP producing hepatoma cell lines. In the present study, we investigated the significance of ephrin-A1 expression in HCC. Methods: We examined ephrin-A1 expression and its effect on cell proliferation and gene expression in five AFP producing hepatoma cell lines, three AFP negative hepatoma cell lines, and 20 human HCC specimens. Results: Ephrin-A1 expression levels were lowest in normal liver tissue, elevated in cirrhotic tissue, and further elevated in HCC specimens. Ephrin-A1 expression was strongly correlated with AFP expression (r = 0.866). We showed that ephrin-A1 induced expression of AFP. This finding implicates ephrin-A1 in the mechanism of AFP induction in HCC. Ephrin-A1 promoted the proliferation of ephrin-A1 underexpressing HLE cells, and an ephrin-A1 antisense oligonucleotide inhibited the proliferation of ephrin-A1 overexpressing Huh7 cells. Thus ephrin-A1 affects hepatoma cell growth. cDNA microarray analysis showed that ephrin-A1 induced expression of genes related to the cell cycle (p21), angiogenesis (angiopoietin 1 and thrombospondin 1), and cell-cell interactions (Rho, integrin, and matrix metalloproteinases) in cultured hepatoma cells. These ephrin-A1 induced genes are also activated in HCC tissues that overexpress AFP. Conclusion: These findings suggest that the poor prognosis of patients with AFP producing HCC is partially caused by ephrin-A1 expression, which induces expression of genes related to tumour cell growth, angiogenesis, invasion, and metastasis.
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A lpha-fetoprotein (AFP), a tumour marker for hepatocellular carcinoma (HCC), is expressed in fetal liver but is not expressed in normal adult liver. Approximately 70% of HCCs are positive for AFP, and levels of AFP increase with tumour progression. 1 HCCs with high levels of AFP have a poor prognosis and exhibit multicentric growth more frequently than AFP negative HCCs. [2] [3] [4] In a previous study, we identified a gene cluster that was characteristically expressed in AFP producing hepatoma cell lines but not in non-AFP producing hepatoma cell lines. 5 In this cluster, ephrin-A1 was the most differentially overexpressed gene in AFP producing hepatoma cell lines.
Ephrin-A1, a ligand for the Eph receptor tyrosine kinase, is involved in vascular development, tissue border formation, cell migration, axon guidance, synaptic plasticity, and adult neovascularisation. 6 Several lines of evidence suggest that ephrin-A1 plays roles in multiple aspects of tumorigenesis, including abnormal cell growth, angiogenesis, invasion, and metastasis. [7] [8] [9] [10] [11] [12] Overexpression of ephrin-A1 in melanoma cells correlates with an increase in tumour cell growth, indicating that ephrin-A1 acts as a cell survival factor or a promoter of abnormal cell growth in tumour cells. [9] [10] [11] Ephrin-A1 and its receptor are consistently expressed in endothelial cells of tumour associated vessels in a variety of human tumours, including lung, stomach, and colorectal cancers, 7 and blocking the EphA receptor inhibits tumour angiogenesis and tumour progression in vivo. 8 Inappropriate expression and regulation of ephrin ligands and Eph receptors affects cell-matrix interaction by modulating integrin activity. 12 Although these findings suggest that ephrin-A1 expression participates in tumorigenesis, the biological significance and expression pattern of ephrin-A1 in HCC are unknown.
In the present study, we investigated ephrin-A1 expression in HCC specimens and hepatoma cell lines, and we examined the effect of ephrin-A1 on cell proliferation and gene expression. We also discuss the significance of ephrin-A1 expression in AFP producing HCC.
MATERIALS AND METHODS

Cell lines
Huh7, Hep3B, HepG2, Huh6, PLC/PRF/5, SK-Hep1, and HLE cells were maintained in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum. The simian virus 40 large-T antigen-immortalised normal human hepatocyte cell line (THLE-5b) was maintained in PMFR-4. 13 14 Tissue specimens Cancerous and non-cancerous tissues were obtained from patients who underwent partial hepatectomy for HCC. Normal controls were histologically normal tissues and were obtained from patients who underwent partial hepatectomy for metastatic liver tumours. These patients had no obvious underlying disease, tested negative for all hepatitis virus markers, and had normal levels of serum transaminase.
Cancerous and non-cancerous tissues were separately enucleated from resected tissues and were then immediately frozen in liquid nitrogen. Histological characterisation of HCC and normal liver tissue was performed as described previously. 15 16 Informed consent was obtained from all patients and ethics approval for the study was obtained from the ethics committee for human genome/gene analysis research at Kanazawa University Graduate School of Medical Science.
Northern blotting
Total RNA was isolated from cultured cells and frozen tissues using a ToTally-RNA kit (Ambion, Austin, Texas, USA). Northern blotting was performed using a NorthernMax kit (Ambion). cDNA probes containing unique sequences from human AFP, ephrin-A1, EphA1, EphA2, p21
, thrombospondin 1 (TSP-1), matrix metalloproteinase 2 (MMP-2), and b-actin were labelled with [a 32 P] dCTP by random priming. mRNA expression levels were quantified with a Fujix-MacBas1000 Bio-imaging analyser (Fujix, Tokyo, Japan).
Immunohistochemistry
Tissue specimens were fixed in 10% formalin, embedded in paraffin blocks, and cut into 5 mm section. Sections were incubated overnight at 4˚C with anti-ephrin-A1 (Santa Cruz Biotechnology, Santa Cruz, California, USA), anti-EphA1 (R&D Systems, Minneapolis, Minnesota, USA), or anti-AFP antibodies (DakoCytomation, Glostrup, Denmark), and were subjected to the ABC immunostaining procedure using a Vectorstain ABC kit (Vector, Burlingame, California, USA), followed by DAB (Sigma-Aldrich Co., S. Louis, Missouri, USA). Negative controls were normal liver tissues in which northern blotting and western blotting confirmed the absence of ephrin-A1, AFP, and EphA1 expression.
Antisense-oligodeoxynucleotide and cell proliferation assay We designed an antisense phosphorothioate oligodeoxynucleotide (59-CCA GAG GAA CTC CAT AGC GC-39) complementary to the ephrin-A1 gene nucleotide sequence that spans from five nucleotides upstream of the predicted translational initiation site to 15 nucleotides downstream from this site. We also used a sense oligodeoxynucleotide (59-GCG CTA TGG AGT TCC TCT GG-39) as a negative control. For positive controls, we used an antisense oligodeoxynucleotide for the potent HCC growth factor, insulin-like growth factor II (IGF-II; 59-TCT GCC TCG CAG TTG G-39), and its control sense oligodeoxynucleotide (59-TGT CTC CCA GGC GGT T-39). 17 For the proliferation assay, 3610 3 cells were cultured in 96 well plates for 24 hours. Various concentrations of oligodeoxynucleotides were then added to the medium using the FuGENE6 transfection reagent (Boehringer Mannheim, Mannheim, Germany), and cultures were incubated for 72 hours. Cell growth was measured using the MTS assay kit (Promega, Madison, Wisconsin, USA).
Clonal growth assay
For studies using soluble ephrin-A1-Fc, 250 cells were plated in triplicate directly onto 12 well cell culture dishes in the presence of 0.3 mg/ml ephrin-A1-Fc. The medium was changed every two days. After 8-10 days of culture, cell growth was measured using the MTS assay kit (Promega).
Ligand stimulation and cDNA microarray analysis Subconfluent HLE cells were cultured with or without 1 mg/ ml of ephrin-A1-Fc for 10 hours in serum free Dulbecco's modified Eagle's medium. Total RNA was then isolated. The cDNA microarrays were produced in collaboration with Hitachi Software Engineering Co. Ltd (Yokohama, Japan) using a SPBIO2000 robotic arrayer, and contained a total of 1080 cDNA clones, as described previously. 5 16 18 Fluorescence intensities, generated by Cy5 or Cy3 immobilised to the target sequences on the microarray slides, were measured with a ScanArray5000 laser confocal microscope equipped scanning system(General Scanning, Watertown, Massachusetts, USA) with appropriate excitation and emission filters, as described previously. 5 The signal from each immobilised cDNA target on the microarray slide was localised, and the expression ratio between the experimental and reference samples (Cy5/ Cy3 ratio) was determined using ImaGene version 3.0 software (Biodiscovery, Los Angeles, California, USA). Microarray analysis was performed in triplicate, and the values of Cy5/Cy3 ratio represent averages. 
Immunoprecipitation and immunoblotting
Cell extracts were prepared in RIPA buffer (50 mM HEPES, pH 7.2, 150 mM sodium chloride, 1.5 mM MgCl 2 , 1 mM EDTA, 1 mM sodium orthovanadate, 10 mM sodium pyrophosphate, 100 mM sodium fluoride, 10% glycerol, 1% TritonX-100, 0.1% sodium dodecyl sulphate, and 1% sodium deoxycholate) containing protease inhibitors (1 mM phenylmethylsulfonyl fluoride, 10 mg/ml aprotinin, 10 mg/ml leupeptin, and 10 mg/ml pepstatin). For immunoblotting, whole cell lysates were boiled in SDS-polyacrylamide gel electrophoresis (SDS-PAGE) loading buffer, separated by 4-20% gradient SDS-PAGE, and then electrophoretically transferred to PVDF membranes. Immunoblotting was carried out according to the manufacturer's instructions. Anti-ephrin-A1, anti-EphA2, anti-AFP, anti-p21, anti-TSP-1, and anti-MMP-2 antibodies were purchased from Santa Cruz Biotechnology, while anti-EphA1 antibody was purchased from R&D Systems. For immunoprecipitation, cell lysates were first incubated for two hours at 4˚C with anti-EphA1 antibodies (R&D Systems) followed by incubation for 1.5 hours at 4˚C with Gamma-Bind Sepharose beads. Immunoprecipitates were boiled in SDS-PAGE loading buffer, separated by 4-20% gradient SDS-PAGE, and then electrophoretically transferred to PVDF membranes. An anti-phosphotyrosine antibody, PY-20, conjugated to horseradish peroxidase (Transduction Laboratories, Lexington, Kentucky, USA) was used for immunoblotting at a dilution of 1:2000. An anti-EphA1 antibody (R&D Systems) was used at a dilution of 1:1000, followed by an antirabbit antibody conjugated to horseradish peroxidase. Immunoreactive bands were revealed with the Amersham ECL immunoblot detection system.
Radioimmunoassay for AFP AFP protein concentrations in clinical specimens were measured by radioimmunoassay (RIA) (SRL, Tokyo, Japan). 16 
Statistical analysis
In order to investigate correlations between expression levels of ephrin-A1 mRNA and AFP mRNA in clinical specimens, linear relationships were measured using scatterplots. Statistical differences between the two groups were determined by the Student's t test. A p value of ,0.05 was considered statistically significant.
RESULTS
Ephrin-A1 expression correlates with AFP expression
Using cDNA microarray analysis, we previously found that ephrin-A1 was the most differentially overexpressed gene in AFP producing hepatoma cell lines. 5 In the current study, we investigated expression of ephrin-A1 mRNA in eight hepatoma cell lines using northern blotting. As shown in fig 1, AFP producing hepatoma cell lines (Huh7, Hep3B, HepG2, Huh6, and PLC/PRF/5) displayed elevated ephrin-A1 expression compared with non-AFP producing hepatoma cell lines (SK-Hep1, HLE, and THLE-5b).
We then investigated expression of ephrin-A1 mRNA in cancerous tissue obtained from 20 patients with HCC by northern blotting (table 1, and fig 2A, B) . Interestingly, in 11 (cases 3, 4, 5, 6, 7, 9, 11, 12, 15, 16, and 18) HCC specimens with markedly increased ephrin-A1 mRNA expression, the cancerous tissue showed high levels of AFP expression. Ephrin-A1 mRNA expression in HCC tissue strongly correlated with AFP mRNA expression (r = 0.866), suggesting a close association between expression of both genes (fig 3) . Immunostaining (fig 4, case 4) showed that ephrin-A1, AFP, and EphA1 receptors were strongly expressed in the cytoplasm and on the cell surfaces of tumour cells in cancerous tissue. In particular, in AFP overexpressing HCC (cases 3, 4, 5, 6, 7, 9, 11, 12, 15, 16, and 18), ephrin-A1 was strongly expressed in tumour cells in cancerous tissue, but in AFP underexpressing HCC (cases 1, 2, 8, 10, 13, 14, 17, 19, and 20), expression of ephrin-A1 was markedly lower. Furthermore, in non-cancerous (cirrhotic) tissue, only slight expression of ephrin-A1, AFP, and EphA1 receptor was seen in hepatocytes. In normal liver tissues, expression of ephrin-A1, AFP, and EphA1 was not seen (data not shown).
Effect of ephrin-A1 on the proliferation of hepatoma cells In order to determine whether overexpression of ephrin-A1 plays a significant role in the malignant growth of hepatoma cells, we examined the effect of an ephrin-A1 antisense oligonucleotide on proliferation of Huh7 and HLE cells ( fig 5A) . The specificity of the antisense oligonucleotide was confirmed by northern blotting. Suppression of ephrin-A1 by antisense oligonucleotide led to dose dependent growth inhibition of ephrin-A1 overexpressing Huh7 cells. The degree of growth inhibition caused by ephrin-A1 suppression was equal to or greater than the reduction of growth caused by suppression of IGF-II, a growth factor that strongly induces Huh7 cell proliferation. 17 Compared with the sense oligonucleotide, the antisense oligonucleotide did not increase apoptosis in Huh7 cells, as determined by DNA content analysis and acridine orange/ethidium bromide double staining (data not shown). These results indicate that reduced cell proliferation, rather than increased apoptosis, was responsible for the reduction in Huh7 cell number by the ephrin-A1 antisense oligonucleotide. The antisense oligonucleotide against ephrin-A1 did not have an antiproliferative effect on HLE cells, which produce little ephrin-A1. We next used recombinant ephrin-A1 that was dimerised by fusion to human immunoglobulin G (ephrin-A1-Fc) to investigate the effect of ephrin-A1 on proliferation of hepatoma cells (fig 6A) . 19 We detected activated (tyrosine phosphorylated) EphA1 receptor in ephrin-A1 overexpressing Huh7 cells prior to addition of ephrin-A1-Fc, suggesting autocrine activation of the EphA1 receptor by endogenous ephrin-A1. In contrast, activated EphA1 receptor was not observed in HLE cells prior to addition of ephrin-A1-Fc, consistent with low expression of ephrin-A1 in these cells. Addition of ephrin-A1-Fc significantly increased the level of activated EphA1 receptor in both Huh7 and HLE cells. However, ephrin-A1-Fc promoted the proliferation of only ephrin-A1 underexpressing HLE cell (16% increase in cell growth, p = 0.014).
In order to clarify these results, we investigated expression levels of p21, a universal inhibitor of cyclin dependent kinases (figs 5B, 6B). 20 In HCC, p21 is an important inhibitor of cell cycle progression. [21] [22] [23] There was little basal expression of p21 in Huh7 cells in which the EphA1 signalling pathway was already activated due to autocrine stimulation (fig 6A, B) . Consistent with autocrine activation of EphA1 and a role for p21, suppression of ephrin-A1 by the antisense oligonucleotide caused increased expression of p21 and inhibited Huh7 cell growth ( fig 5B) . Ephrin-A1-Fc stimulated tyrosine phosphorylation of the EphA1 receptor in Huh7 cells but ephrin-A1-Fc did not alter the already suppressed expression of p21, and it did not affect cell growth ( fig 6B) . In contrast, in HLE cells, EphA1 signalling was not activated in the basal state, and p21 was expressed (fig 6A, B) . Furthermore, ephrin-A1-Fc stimulated EphA1 signalling, suppressed p21 expression, and promoted the proliferation of HLE cells (fig 6B) . These findings strongly suggest that ephrin-A1 enhances cell proliferation, at least in part, through a p21 dependent signalling pathway. 
Changes in gene expression caused by ephrin-A1
We used cDNA microarrays to identify the genes that are induced by ephrin-A1-Fc stimulation during hepatoma cell proliferation (table 2) . Ephrin-A1-Fc ( fig 7A) increased expression of AFP, indicating that enhanced ephrin-A1 expression induced AFP expression in hepatoma cells. Furthermore, we performed northern blotting to confirm that when mRNA expression of ephrin-A1 in Huh7 cells was suppressed by 77% using the antisense oligonucleotide, mRNA expression of AFP decreased by 24% (fig 7B) . This agrees with our finding that ephrin-A1 expression strongly correlates with AFP expression in cultured hepatoma cells and HCC tissue (figs 1-4) . There was also an increase in expression of the EphA1 receptor, one of the seven EphA receptors that bind to ephrin-A1 ( fig 7A) . [24] [25] [26] [27] Although the EphA2 receptor is reported to mediate the majority of effects of ephrin-A1 in various cancers, 7 9 28-32 little or no change in EphA2 receptor expression was observed (data not shown).
In the category of cell cycle related genes, we observed decreased expression of p21 caused by ephrin-A1. This is consistent with the results of cell proliferation assays ( fig 6B) . Our microarray data confirmed that ephrin-A1 suppresses p21 expression. In addition, ephrin-A1 increased expression of other cell cycle related genes, such as RB family proteins (table 2) .
Among angiogenesis related genes, we found a decrease in the tumour angiogenesis inhibitor TSP-1 and an increase in the tumour angiogenesis promoter angiopoietin 1 (table 2, fig 7A) . We also found increased expression of the TGF-b superfamily, as well as angiogenesis related vasoactive substances, such as bone morphogenetic protein (BMP), inhibin, endothelin, fibroblast growth factor receptor, and laminin.
Among cell-cell interaction related genes, we observed increased expression of Rho family members and integrins, as well as MMP-2 and MMP-12 (table 2, fig 7A) .
Expression of ephrin-A1 induced genes in HCC tissue
We studied the association between expression of ephrin-A1 mRNA and AFP, EphA1 receptor, EphA2 receptor, p21, TSP-1, and MMP-2 mRNA in 11 HCC tissues that overexpress AFP by northern blotting (cases 3, 4, 5, 6, 7, 9, 11, 12, 15, 16, and 18) (table 3) . In all 11 of these cases, cancerous tissue showed increased expression of ephrin-A1 mRNA compared with non-cancerous tissue.
We examined the relationship between ephrin-A1 and the EphA2 receptor because it has been reported that an autocrine loop between ephrin-A1 and the EphA2 receptor is responsible for the biological activity of ephrin-A1 in various cancers.
7 9 28-32 Surprisingly, EphA2 receptor mRNA was strongly expressed in non-cancerous tissue but its expression was suppressed in cancerous tissue. This expression pattern is the opposite of the ephrin-A1 mRNA expression pattern in HCC tissues. Expression of EphA1 receptor mRNA was more enhanced in cancerous tissue than in non-cancerous tissue and was closely correlated with ephrin-A1 mRNA expression levels. Identical expression patterns for ephrin-A1 and the EphA1 receptor protein were also found by immunohistochemistry (fig 4) . Because ephrin-A1 can induce tyrosine phosphorylation of EphA1 receptors in Huh7 and HLE cells (fig 6A) , these findings suggest that ephrin-A1-EphA1 signalling is activated in HCC. Microarray analysis of ephrin-A1 stimulated HLE cells revealed reduced expression of p21 and TSP-1 mRNA and increased expression of MMP-2 mRNA (table 2, figs 6B and 7A). These proteins play important roles in malignant proliferation, angiogenesis, invasion, and metastasis of HCC. 23 33-35 In agreement with these results, p21 mRNA expression levels in cancerous tissues were significantly reduced in comparison with those in non-cancerous tissues in eight (cases 4, 5, 6, 7, 11, 12, 16, and 18) of the 11 HCC specimens that overexpressed AFP (table 3) . These eight cases exhibited enhanced ephrin-A1 mRNA expression and reduced p21 mRNA expression in cancerous tissue compared with non-cancerous tissue. In both cancerous and noncancerous tissues from the remaining three cases (cases 3, 9, and 15), p21 mRNA expression was inhibited while ephrin-A1 was strongly expressed.
TSP-1 mRNA expression was lower in cancerous tissue than in non-cancerous tissue in eight (cases 3, 4, 6, 7, 9, 11, 12, and 15) of the 11 cases of HCC that overexpressed AFP. Thus TSP-1 mRNA expression correlated negatively with ephrin-A1 expression. MMP-2 mRNA expression was higher in cancerous tissue than in non-cancerous tissue in 10 (cases 3, 4, 5, 6, 7, 9, 12, 15, 16, and 18) of the 11 cases of HCC that overexpressed AFP. This revealed a positive correlation between MMP-2 mRNA expression and ephrin-A1 mRNA expression.
Furthermore, we performed northern blotting and western blotting in order to confirm that mRNA expression of AFP, ephrin-A1, EphA1, EphA2, p21, MMP2, and TSP-1 in cancerous and non-cancerous tissues was correlated with expression of their proteins (fig 8) .
The above findings indicate that ephrin-A1 induced genes identified by cDNA microarray analysis are activated not only in cultured hepatoma cells but also in clinical cases of HCC that overexpress AFP.
DISCUSSION
Expression of ephrin-A1 was very low in normal liver tissue, slightly increased in liver tissues from patients with cirrhosis, and was further increased in HCC. Expression of ephrin-A1 was greater in poorly differentiated HCC than in well differentiated HCC (table 1, figs 2-4). Thus expression of ephrin-A1 may be related to the malignant phenotype of HCC. It is possible that local ischaemia in the cirrhotic state may induce angiogenic factors, including ephrin-A1. Immunohistochemistry showed high levels of ephrin-A1 protein in tumour tissue. Although tumour tissue includes not only hepatocytes but also non-parenchymal cells (for example, stellate cells, endothelial cells, Kupffer's cells, and infiltrated lymphocytes), immunohistochemical staining confirmed that increased expression of ephrin-A1 was in tumour cells rather than in the surrounding normal hepatocytes (fig 4) . This indicates that increased expression of ephrin-A1 in HCC tissue mainly originated from hepatocytes within the tumour.
Expression levels of ephrin-A1 were strongly correlated with those of AFP in hepatoma cell lines and human HCC tissues. The cDNA microarray analysis showed that ephrin-A1 induced AFP expression in hepatoma cells, implicating ephrin-A1 in the mechanism of AFP induction. This may explain why most patients with liver cirrhosis have elevated AFP levels without any detectable HCC. Therefore, ephrin-A1 may play an important role in the transformation of normal hepatocytes to tumour cells.
Enhanced expression of ephrin-A1 may lead to tumorigenesis by promoting abnormal cell growth, angiogenesis, invasion, or metastasis. [7] [8] [9] [10] [11] [12] However, the biological significance of ephrin-A1 in hepatocellular carcinogenesis has not yet been clarified. We found that reduction of ephrin-A1 expression by an antisense oligonucleotide inhibited the proliferation of ephrin-A1 overexpressing Huh7 cells and increased expression of p21, an inhibitor of cyclin dependent kinases. [20] [21] [22] [23] In contrast, inhibition of ephrin-A1 expression did not inhibit basal proliferation of HLE cells because they express little ephrin-A1. In HLE cells, ephrin-A1-Fc promoted cellular proliferation, activated the EphA1 receptor, and suppressed p21 expression. However, ephrin-A1-Fc did not promote proliferation of ephrin-A1 overexpressing Huh7 cells in which the EphA1 receptor is already activated and p21 expression is suppressed by autocrine ephrin-A1. These results indicate that ephrin-A1 promotes the proliferation of cultured hepatoma cell lines and that p21 might be involved in the regulation of the cell cycle induced by ephrin-A1.
Using cDNA microarray analysis we found that ephrin-A1 induced genes related to the cell cycle, angiogenesis, and cellcell interactions. In agreement with the results of clonal growth assay, we observed decreased p21 expression in response to ephrin-A1. Reduced expression of p21 has been reported to participate in hepatocarcinogenesis and is associated with larger tumour size and poor prognosis in HCC patients. [20] [21] [22] [23] In HCC tissues that overexpress AFP, we found that p21 expression is suppressed in cancerous tissue compared with non-cancerous tissue and that p21 expression correlates negatively with ephrin-A1 expression. Although we also found that ephrin-A1-Fc increased expression of RB family cell cycle arresting genes, many studies have reported mutations and inactivation of RB family proteins and p53 in HCC tissue. 21 22 36 37 Therefore, increased expression of these genes does not necessarily imply that they cause arrest of the cell cycle in HCC.
We found that ephrin-A1 induces expression of the angiogenesis factor angiopoietin 1 38 as well as angiogenesis related vasoactive substances, including BMP, inhibin, endothelin, fibroblast growth factor receptor, and laminin. We also found that ephrin-A1 inhibits the expression of the tumour angiogenesis inhibitor TSP-1. Reduced TSP-1 expression promotes angiogenesis in melanoma, lung cancer, breast cancer, and cholangiocarcinoma. 34 39-41 TSP-1 expression, which correlated negatively with ephrin-A1 expression, was suppressed in HCC tissue compared with non-cancerous tissue. These results suggest that ephrin-A1 downregulates TSP-1 and acts upstream of angiogenesis related factors in promoting HCC vascular growth.
Our microarray studies also showed that ephrin-A1 increases expression of cell-cell interaction related genes, such as Rho family proteins, integrins, MMP-2, and MMP-12. Ephrin-A1 regulates cellular migration and cell-cell and cellmatrix interactions via Rho and integrin, thus influencing tumour cell motility, invasion, and metastasis in various human cancers.
9-12 42 43 Changes in expression of these proteins play a key role in the invasion and metastasis of HCC. MMPs play a crucial role as proteinases during cancer invasion and metastasis, and overexpression of MMP-2 correlates closely with portal invasion and intrahepatic metastasis of HCC. 33 35 We found that MMP-2 expression is higher in cancerous tissue than in non-cancerous tissue in cases of HCC that overexpress ephrin-A1. In HCC cases that underexpress ephrin-A1, MMP-2 expression is lower in cancerous tissue than in non-cancerous tissue. These findings suggest that ephrin-A1 increases expression of MMP-2, thereby promoting cancer invasion and metastasis in cases of HCC that overexpress AFP. The ephrin-A1 induced changes in gene expression of hepatoma cells in vitro recapitulate the changes in gene expression of cancerous and non-cancerous tissues from patients with HCC in vivo. This is particularly the case in HCC tissues that overexpress AFP and have high levels of ephrin-A1 expression; a large percentage (72.7%) of these HCC cases are highly malignant and poorly differentiated.
In conclusion, ephrin-A1 induces gene expression that is also activated in AFP producing hepatoma but not in non-AFP producing hepatoma. Ephrin-A1 induces AFP and changes the expression level of genes associated with tumour cell proliferation, angiogenesis, invasion, and metastasis. It is important to examine whether the findings could be applied to HCC related to non-viral liver disease, because all HCC cases in this study were related to viral liver disease. Elucidation of gene expression patterns in AFP producing HCC is important for the development of new molecular targeting therapies. These results indicate that ephrin-A1 is a promising therapeutic target in cases of HCC that overexpress AFP.
